We have reported that LG21 yogurt containing Lactobacillus gasseri OLL 2716 (LG21 yogurt) inhibits the formation of HCl-induced acute gastric lesions through the generation of prostaglandin E 2 . This study aimed to determine the role of viable Lactobacillus in the healing of acetic acid-induced chronic gastric ulcer.
In 2001, Sakamoto et al. 1) reported that yogurt containing Lactobacillus gasseri OLL 2716 (LG21 yogurt) is effective against Helicobacter pylori (H. pylori) and improved the pepsinogen I/II ratio, a marker of gastric mucosal inflammation, in H. pylori positive healthy volunteers. Recently, we found that LG21 yogurt improved gastric mucosal inflammation in H. pylori-infected patients with upper gastrointestinal symptoms, 2) and that LG21 yogurt exerted gastroprotective action against acute gastric lesions and antral ulcers through the generation of prostaglandin in rats. 3) However, it is not clear whether LG21 yogurt is effective in the healing of pre-existing chronic gastric ulcers.
Elliott et al. 4) have reported that suppression of colonization of gram-negative bacteria with antibiotics resulted in marked acceleration of ulcer healing, and that induction of Lactobacillus colonization showed marked acceleration of ulcer healing, where the ulcers were induced with acetic acid in rats. Moreover, Brzozowski et al. 5) reported that Candida albicans inoculation delayed the healing of acetic acid-induced gastric ulcers in rats, followed by a fall in gastric mucosal blood flow and a rise in plasma gastrin levels, and that these effects were significantly attenuated by co-treatment with Lactobacillus. These findings suggest the usefulness of probiotics in ulcer healing.
In this study, we compared the effects of LG21 yogurt with the effects of -ray radiated LG21 yogurt on the healing of acetic acid-induced gastric ulcers in rats. Moreover, to compare the efficacy for chronic gastric ulcer with that for acute gastric lesions, HCl-induced acute gastric lesion model was also used.
Material and Methods
Animals. Male Sprague-Dawley rats weighing about 200 g were purchased from SLC (Shizuoka, Japan) and kept for 1 week in a room whose temperature and humidity were kept at 21 AE 2 C and 55 AE 15%. The animal studies were performed according to the Guiding Principles for the Care and Use of Laboratory Animals approved by the Japanese Pharmacological Society.
Chronic gastric ulcer induction by acetic acid. Chronic gastric ulcers were induced by the method proposed by Okabe et al., 6) with slight modifications. In brief under pentobarbital anesthesia, the stomach was exposed after the midline laparotomy of the abdomen, and a round plastic mold (6 mm in diameter) was placed tightly on the anterior serosal surface of the stomach between the fundus and the corpus. Gracious acetic acid at 100 ml was poured into the mold and allowed to remain on the serosal surface. After 1 min, the excess acetic acid was removed and the serosa was gently wiped with saline-soaked cotton. The incision was sutured after the return of the stomach to the abdominal cavity.
Effects of LG21 yogurt and -ray radiated LG21 yogurt on the healing of ulcers induced by acetic acid. On and after the 3rd day after ulcer induction, LG21 yogurt or -ray radiated LG21 yogurt (25 kGy) was administered orally twice a day for 10 d at a dose of 5 ml/kg. In the control group, distilled water was administered instead of yogurt. On the next day, the rats were sacrificed and the stomach was excised. After ligature of the cardia and pylorus, 10 ml of saline was injected into the stomach, and the outer serosal side was fixed in 5% neutral buffered formalin. The stomach was cut along the greater curvature 5 min after formalin fixation. The size of the ulcer was measured and an ulcer index (mm 2 ) was calculated from the product of the width and length. -Ray radiated LG21 yogurt was found to have no viable bacteria by the culture method.
Effects of LG21 yogurt and -ray radiated LG21 yogurt on acute gastric lesion induction by HCl. Acute gastric lesions were induced by oral administration of 0.6 M HCl in a volume of 5 ml/kg in fasted rats for 18 h. One h after HCl treatment, the rats were sacrificed after cervical dislocation. The stomach was excised and cut along the greater curvature. The lengths of the erosive lesions were measured, and the total length of the lesions was treated as the lesion index (mm). LG21 yogurt and -ray radiated LG21 yogurt were administered orally 30 min before HCl administration. In the control rats, distilled water was administered orally (5 ml/kg) instead of yogurt.
Effect of -ray radiated LG21 yogurt on the generation of PGE 2 . Prostaglandin E 2 generation in the gastric mucosa after administration of LG21 yogurt or -ray radiated LG21 yogurt was determined by the y To whom correspondence should be addressed. Fax: +81-465-37-3713; E-mail: MASAYUKI UCHIDA@MEIJI-MILK.COM method of Lee and Feldman. 7, 8) LG21 yogurt or -ray radiated LG21 yogurt was administered orally at a dose of 5 ml/kg, a significantly effective dose against HCl-induced gastric lesions. In the control group, distilled water was administered orally instead of LG21 yogurt or -ray radiated LG21 yogurt. After 30 min, the stomach was excised after cervical dislocation and the corpus was cut from the other portions, the antrum and the forestomach. The gastric mucosa was washed in ice-cold 50 mM Tris-HCl (pH 8.4) buffer and minced with scissors. It was washed and re-suspended in 1 ml of buffer and subjected to voltex mixing at room temperature for 1 min to stimulate prostaglandin E 2 generation. After mixing, the tissue samples were centrifuged at 10;000 g for 15 s. The supernatant was separated from the mucosa, and the PGE 2 levels in the supernatant were determined by enzyme immunoassay (Prostaglandin E 2 Biotrak Enzymeimmunoassay (EIA) System, Amersham Bioscience, Buckinghamshire, UK). The wet weight of gastric mucosa was measured. PGE 2 generation was expressed as ng of PGE 2 /min per g of tissue.
Drugs and chemicals. The drugs used were acetic acid and HCl (Wako Pure Chemicals, Osaka). LG21 yogurt (Meiji Probio Yogurt LG21) was the product of Meiji Dairies (Tokyo), and it contained 1 Â 10 7 cfu of Lactobacillus gasseri OLL2716/ml. The LG21 yogurt contained Lactobacillus brugaricus and Streptococcus thermophyllus as yogurt hard starters.
Statistical analysis. Data were represented as the mean AE SE for the animals used. Statistical analyses were performed by Dunnett's two-tailed multiple comparison test or Student's t-test, and values of p < 0:05 were regarded as significant.
Results

Effects of LG21 yogurt and -ray radiated LG21 yogurt on chronic gastric ulcers
In the control group, the ulcer index was 8:8 AE 1:4 mm 2 . The LG21 yogurt significantly accelerated the healing of the ulcers, and the ulcer index was 2:9 AE 1:1 mm 2 (Fig. 1) .
On the other hand, the -ray radiated LG21 yogurt did not show any marked efficacy at the dose used in this study in the healing of the ulcer, which was the effective dose in the case of LG21 yogurt (Fig. 2) .
Effects of LG21 yogurt and -ray radiated LG21 yogurt on acute gastric lesions
Oral administration of HCl induced erosive gastric lesions along with gastric mucosal folds. In the control group, the lesion index was 59:8 AE 22:2 mm (Fig. 3 ). Both the LG21 yogurt and the -ray radiated LG21 yogurt dose-dependently inhibited acute gastric lesions, and significant differences were observed at a dose of 5 ml/kg (Fig. 3) .
Effects of LG21 yogurt and -ray radiated LG21 yogurt on PGE 2 generation
In the control group, prostaglandin E 2 generation in the gastric mucosa was 2:72 AE 0:40 ng/min per g of tissue. The LG21 yogurt markedly enhanced the generation of prostaglandin E 2 , although not significantly above the control group (Fig. 4) . The -ray radiated LG21 yogurt significantly increased prostaglandin E 2 generation (p < 0:05) ( Fig. 4 ).
Discussion
There have been reports on anti-ulcer effects due to Lactobacillus. Elliott et al. 4) reported that suppression of colonization of gram-negative bacteria with antibiotics resulted in marked acceleration of ulcer healing, and that 
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LG21 yogurt Ulcer index (mm 2 ) ** Fig. 1 . Effects of LG21 Yogurt on the Healing of Acetic Acid-Induced Gastric Ulcer in Rats. Gastric ulcers were induced by serosal application of gracious acetic acid. LG21 yogurt was administered orally for 10 d on and after 3 d after ulcer induction. Values represent mean AE SE for eight or nine rats. ÃÃ , Significant difference from the control group at p < 0:01. 
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LG21 yogurt -Ray radiated LG21 yogurt γ Fig. 3 . Effects of LG21 Yogurt and -Ray Radiated LG21 Yogurt on HCl-Induced Acute Gastric Lesion in Rats. Acute gastric lesions were induced by oral administration of 0.6 M HCl. One h after HCl treatment, the rats were sacrificed. LG21 yogurt and -ray radiated LG21 yogurt were administered orally 30 min before HCl treatment. In the control group, distilled water was administered orally instead of yogurt. Values represent mean AE SE for five rats. Ã , Significant difference from the control group at p < 0:05. induction of Lactobacillus colonization showed marked acceleration of ulcer healing, where the ulcers were induced by acetic acid in rats. Moreover, epidermal growth factor administration has been reported to reduce bacterial colonization levels and to accelerate ulcer healing as effectively as antibiotic treatment. 9) Uejima et al. 10) also found that Lactobacillus inhibited nonsteroidal anti-inflammatory drug-induced ileal ulcers in rats by repressing the growth of ulcer-inducing bacteria, the Gram-negative facultative anaerobic rods Esherichia coli, Klebsiella, and Proteus, although the ulcer models were different from each other. However, there are no reports comparing the efficacy of live Lactobacillus with that of dead Lactobacillus on acetic acid-induced gastric ulcers. In the present study, we confirmed that LG21 yogurt significantly accelerated the healing of gastric ulcers, and on the contrary, that -ray radiated LG21 yogurt did not show any effect. These findings suggest that viable Lactobacillus is needed to accelerate the healing of gastric ulcers.
On the mechanism of the acceleration of chronic gastric ulcer healing, there have been some reports. Recently, Brzozowski et al. 5) reported that Candida albicans inoculation delayed the healing of acetic acidinduced gastric ulcer in rats, followed by a fall in gastric mucosal blood flow and a rise in plasma gastrin levels, and that these effects were significantly attenuated by co-treatment with Lactobacillus. Although in this study we did not test the flora of the acetic acid-induced ulcer base, this finding might explain the mechanism of the present results.
On the other hand, Kawano et al. 11) reported that interleukin-8 (IL-8) levels in gastric mucosa increased significantly at the A2 stage, and that the changes in the IL-8 level paralleled decreases in myeroperoxidase activity during ulcer healing. Yakabi et al. 12) reported that IL-8 enhanced tetragastrin-stimulated acid secretion and that pretreatment with anti-rat neutrophil serum inhibited this effect, which indicates that IL-8 enhances gastrin-stimulated acid secretion and that neutrophilderived hydroxyl radicals mediate the IL-8-induced increase in acid secretion. Enhanced gastric acid secretion has been found to delay the healing of gastric ulcers. Therefore, anti-acid secretagogues, such as histamine H 2 -blockers and proton pump inhibitor, are used in the therapy of gastric and duodenal ulcers in the clinic. Recently, Lactobacillus gasseri OLL2716 was found to inhibit the generation of inflammatory cytokine IL-8 in an in vitro study. 13) Therefore, this inhibitory effect in IL-8 formation might be one of the mechanisms of LG21 yogurt action in the acceleration of ulcer healing. On this point, further investigation is needed.
Prostaglandins have been found to inhibit the formation of gastric lesions induced by necrotizing agents in rats. 14) We have reported that LG21 yogurt prevents HClinduced gastric lesion formation through the generation of prostaglandin E 2 . 2) In this study, the same efficacy of LG21 yogurt was evident in the HCl-induced gastric lesion model. In the generation of prostaglandin E 2 , marked enhancement was also observed at a dose of 5 ml/kg, not significantly different from control, although a significant increase in prostaglandin E 2 generation was observed at a dose of 2.5 ml/kg in a previous study. 2) Differently from the case of acetic acid-induced gastric ulcers, the -ray radiated LG21 yogurt showed the same efficacy, and significantly increased the generation of prostaglandin E 2 . Therefore, the -ray radiated LG21 yogurt also appeared to inhibit gastric lesion formation through the generation of prostaglandin E 2 . Nagaoka et al. 15) have reported that the polysaccharide of the Lactobacillus cell wall had a gastroprotective effect and that the content of rhamnose was important. The LG21 yogurt used in this study contained Lactobacillus gasseri OLL2716, Lactobacillus blugaricus, and Streptococcus thermophylus. Therefore, the polysaccharide of Lactobacillus might have a gastroprotective action. However, the -ray radiated LG21 yogurt did not affect the healing of acetic acid-induced gastric ulcers. These findings indicate that increased generation of prostaglandin E 2 does not explain the acceleration of ulcer healing due to LG21 yogurt. We have reported that cetraxate, which has been reported to inhibit a decrease in prostaglandin E 2 in water-immersion stress ulcers, 16) did not accelerate the healing of NaOH-induced gastritis. 17) This might explain the difference between HCl-induced gastric erosive lesions and acetic acid-induced chronic ulcer in the role of gastric mucosal prostaglandin E 2 .
In conclusion, it was found that viable bacteria are needed to accelerate the healing of pre-existing gastric ulcers. Moreover, it is suggested that LG21 yogurt is a useful food for the treatment of gastric ulcers. 
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LG21 yogurt -Ray radiated LG21 yogurt PGE2 (ng/min per g of tissue) * γ Fig. 4 . Effect of LG21 Yogurt and -Ray Radiated LG21 Yogurt on the Generation of Prostaglandin E 2 .
LG21 yogurt or -ray radiated LG21 yogurt was administered orally at a dose of 5 ml/kg. After 30 min, the rats were sacrificed and the stomachs were excised. Prostaglandin E 2 generation in the gastric mucosa was measured by EIA. Values represent mean AE SE for five rats. Ã , Significant difference from the control group at p < 0:05.
